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THE FORMATION OF VELLUS HAIR FOLLICLES FROM HUMAN
ADULT EPIDERMIS*
ALBERT M. KLIGMAN, M.D., PH.D. AND JOHN S. STRAUSS, M.D.t
The epidermis is the ultimate source of the cutaneous adnexa, giving rise at
about the third month of fetal life to the ecerine sweat glands and the primary
epithelial germs from which in turn are differentiated the pilosebaceous unit and
the apo-pilosebaceous unit. Classical teaching has, until recently at least, denied
or been unaware of the epidermis' potentiality to form adnexa in adult life,
particularly in respect to the creation of new hair follicles. Recently, the genesis
of new hair follicles has been incontestably demonstrated in adult rabbits by
Breedis (1), supporting older but largely ignored evidences of a less conclusive
character; it is our intention in this paper to provide an example of this in
adult humans.
METhODS
The phenomenon with which we are concerned in this paper was discovered
incidentally in studies, reported elsewhere (2), of the reparation of facial skin
following dermabrasion for removal of acne scars. Dermabrasion was accom-
plished by Kurtin's technic in which the skin is frozen solidly with refrigerant
liquids, and then abraded with wire brushes revolving at high speeds (3). Our
observations were confined to five Negro adult subjects, on each of whom a
two inch circular facial area was planed to an approximate depth of 2 millimeters.
This method does not ordinarily allow a greater depth of removal, which is
about half way through the corium of the facial skin. The planed areas were on
the cheek where vellus hairs predominate and coarse terminal hairs are sparse.
Vellus follicles on the face average about 0.8 millimeters in length with a range of
0.5 to 1.0 millimeter. Biopsies were taken immediately after planing in four of
the five individuals and in none of these was there evidence of remnants of any
portion of the vellus hair or its follicle. Accordingly, we were satisfied that the
technic actually removed vellus follicles completely. We shall acknowledge forth-
with, that the classification of human hairs into two polar types, fine vellus
and coarse terminal, is somewhat compromised by the existence of intermediate
types, which we occasionally encountered; but follicles of this class were excluded
from consideration. Biopsies were performed in each of the five subjects two to
four times at intervals varying from one week to two months, with a different
scheme for each patient.
RESULTS
The restitution of the epidermis and the general pattern of healing has previ-
ously been described (2), conforming for the most part to the details provided
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by numerous other students of the healing of wounds produced in different man-
ners. What has not previously been observed in human skin is the regeneration of
vellus hairs, a process which was already in evidence at two weeks. At that time,
downgrowths of epithelial cords had budded off from the basilar portion of the
restored epidermis. These cords were for the most part cylindrical but somewhat
more irregular than fetal hair germs and often flaring at the base into imperfect
club shaped structures. It was not possible to demonstrate in connection with
FIG. 1. (orig. magnific. X 144) A. Primary epithelial germ of 10 week human foetus. The
papilla is a conspicuous, darkly staining ball of cells. B. Epithelial downgrowth, one month
after dermabrasion, partially invaginated by poorly defined papilla. Irregular swellings at
the base of these epithelial cords are common. C. Stage of development similar to B, one
month after dermabrasion. The buds on the left border of the downgrowth are sebaceous
gland anlage. No differentiation has occurred. The papilla does not look much different than
the connective tissue elsewhere. D. Mature, normal vellus hair follicle 2 months after
dermabrasion. Note young sehaceous gland.
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these putative hair germs the invariable presence of papillae, partly perhaps
because not all were really going on to form hair follicles. Unless the papillae were
already partly enclosed by the end of the epithelial downgrowths, we were unable
to identify them with certainty. Generally, such invaginated papillae could not
be recognized before the third week. The earlier specimens showed downgrowths,
apparently without papillae. Indeed, we were able to understand our failure to
find free papillae because they differed so greatly from embryonal papillae, being
little more than circumscribed, relatively acellular zones of adult connective
tissue identifiable because of their invaginated positions and not by morphologic
characteristics. Embryonal papillae, on the other hand, are dense ball-like clusters
of mesenchymal cells with darkly staining nuclei. They are unmistakably in
evidence when the primary epithelial germs are forming, though whether they
FIG. 2. (orig. magnific. X80) Epithelial downgrowths one month after dermabrasion. A
portion of a sebaceous gland of a terminal follicle in the lower right hand corner emphasizes
by contrast the small size of the downgrowths.
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precede the epithelial germ is a matter of dispute (4) (Figure 1A). It should be
remembered, of course, that the recent insult of planing was attended by con-
siderable inflammation of the corium and by granulation tissue repair, all of which
could have greatly influenced the organization of the papilla. Under these ab-
vermal conditions, not to mention the paucity of subjects, we think it unwise to
nonture any interpretations about the indispensability of the papillae in inducing
the formation of hair germs from the epidermis, or conversely, whether the germs
induce the papillae. By three weeks no true differentiation into hairs or sebaceous
glands wa-s yet apparent. Sebaceous gland anlage, however, were regularly
made out as rounded swellings or buds from downgrowths which had acquired a
papilla (Figure 1 C). The four week specimens proved the most revealing, for
fortunately the formation of new vellus follicles was not accomplished simul-
taneously, and different stages of differentiation were discernible, making up in
part for the obvious gaps in continuity imposed by the limited number of biopsies
(Figures 1B, 1C, 2). Hair clearly was being synthesized by some vellus follicles;
but for the most part, had not erupted through the skin as yet. Sebaceous gland
development was well under way in these differentiating follicles. As in the em-
bryo, the earliest sign of differentiation of the matrix into a hair producing
structure was a cone of internal root sheath cells, recognizable because of the
large amounts of eosinophilic cytoplasmic inclusions of variable size and shape
(4). Finally, in the two month specimens, many perfectly normal vellus hair
follicles with accompanying sebaceous glands were present (Figure 1D). All were
in an active growing phase (anagen), which is further evidence of their having
been freshly developed since vellus hairs, with their short periods of growth and
long resting periods, are frequently found to be in the club hair stage (telogen).
Despite some morphologic differences, we have concluded that the formation of
vellus hairs from adult epidermis recapitulated the embryonal pattern.
COMMENT
Preceding Breedis' convincing work with rabbits, in which he observed regen-
eration of hair follicles from the reconstituted epidermis of a newly epithelialized
wound prepared by removing a disk of skin, it was customary to have a reserved
opinion on whether earlier workers had actually demonstrated this phenomenon
in animals. Breedis was evidently unaware of the much earlier work of Ribbert
(5) in 1904 who, curiously enough, used the same animal, stripping off the epi-
dermis repeatedly from the rabbit's ear and noting thereafter the formation of
new hair follicles. Taylor (6) observed regeneration of hair in rat skin which had
been rendered necrotic by the application of dry ice. The reluctance to believe
this can be assigned to doubt about whether the original hair follicles had been
completely destroyed, though Taylor felt sure that the follicles were sloughed
entirely along with the dermis, and we have now every reason to sustain his
claims. Less conclusive, but probably valid, are the Silberbergs' observations on
the probable formation of new hairs from the epidermis of guinea pig skin which
had received prolonged applications of methylcholanthrene (7). Now, to the
observations of new follicle formation in rabbits, rats and guinea pigs can be
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added our own on human skin. Thus, we see that the adult epidermis does not
totally lose its embryonal potentialities.
There are two particulars of our studies which might account for the failure
of previous students of wound healing in humans (8, 9) to observe vellus hair
regeneration: (1) we used facial skin exclusively which is rich in vellus hairs and
may differ physiologically from other regions, a consideration which is always
pertinent in studying human skin; (2) the skin was removed by planing with a
wire brush, which differs considerably from chemical or thermal means of de-
struction; but, on the face of it, would not appear to leave the skin in much
different condition than scalpel excision as for grafting. Probably an additional
element is that dermabrasion wounds heal without scarring, at least when not
carried into the subcutaneous tissue.
The interest, particularly on the part of males, in the subject of human hair
regeneration, is such that we feel obliged to emphasize that we have demon-
strated only vellus hair formation and have not the slightest idea whether coarse
terminal hair follicles can be regenerated under any circumstances. In respect
to studying the latter possibility, there is the formidable technical problem, of
removing or destroying the terminal hairs experimentally without the formation
of a scar.
Finally, we cannot help noting that in lower forms the potentialities of the
epidermis are not simply limited to the production of adnexal structures. An
irradiated and subsequently amputated Salamander's limb may, astonishingly,
be completely regenerated from the epidermis solely (10).
SUMMARY
The formation of velius hair follicles from the reconstituted epidermis of an
abraded area of facial skin is described.
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